Expansion of the range of Ixodes ricinus ticks further north and to higher altitudes affects the spread of tick-borne encephalitis virus (TBEV) in new territories and increases the risk of human infections. Over the past decade, the number of tick-borne encephalitis (TBE) cases has increased in Norway and parts of the southern coast have been established as endemic. The aims of this study were to confirm the existence of TBEV endemic foci, determine the spread of TBE in different localities of Norway, review and compare relevant published records on the prevalence of TBEV in the different developmental stages and sex of the ticks. Ticks were collected from nine locations along the southern coast of Norway during June-July 2009. For the detection of TBEV-specific RNA, a real-time RT-PCR targeting a part of the 3' non-coding region of the TBEV genome was used. A total of 1542 ticks grouped in 250 pools were examined and TBEV RNA was detected in 5 pools with overall prevalence of 0.32%.
INTRODUCTION
Tick-borne encephalitis (TBE) is one of the most dangerous human infections involving the central nervous system. The etiological agent, tick-borne encephalitis virus, is a member of the virus genus Flavivirus of the family Flaviviridae (Gritsun et al., 2003) . Two different types of hosts are needed for the survival of TBEV: ticks that act as virus vector and reservoir hosts, and vertebrates (small rodent species) that act as a reservoir and a source of blood for feeding ticks and support TBEV transmission by co-feeding infected and non-infected ticks on the same host (Labuda et al., 2003) . Humans are accidental viral hosts (Randolph et al., 2000) . The majority of TBEV infections occur through a tick bite (either Ixodes persulcatus or Ixodes ricinus), although a small number of infections develop through consumption of infected unpasteurized milk (Dumpis et al., 1999 ) and occur in natural foci characterized by ecologic habitats favourable for ticks (Süss, 2010) .
TBE becomes one of the most important diseases of humans in many parts of Europe and has been currently identified as a major health problem in many countries (Süss, 2003) . Today, TBE is endemic in 27 European countries (Amicizia et al., 2013). Norway represents the northern limit in the geographical distribution of I. ricinus ticks in Europe. Expansion of the range of these ticks further north and to higher altitudes affects the spread of TBEV in new territories (Jore et al., 2011) . This may increase the TBE caused by an expanding tick population, promoted by factors including climate change, social and political changes, and changes in land use (Süss, 2008) . In Norway, TBE is a notifiable disease and it was first diagnosed in 1997 (Skarpaas et al., 2006) . From 1998 to 2008, 45 cases of TBE were notified in Norway (Blystad et al., 2009 ). Between 1997 and 2007, 28 cases were reported from the southern coast and in the municipality of Tromøy Island (Gideon Informatics Inc. www.gideononline.com, 2017). According to the Norwegian Surveillance System for Communicable Diseases, the annual number of reported cases of TBE in Norway has increased from 2 to 14 during the last ten years (Norwegian Institute of Public Health).
Although TBE is a rare disease in Norway, the situation should to be monitored carefully (Skarpaas et al., 2004) . Since the prevalence of TBEV in ticks is a suitable marker for TBE risk analysis in natural foci, systematic examination of ticks will help to develop further understanding of the prevailing epidemiological situation (Andreassen et al., 2012) . The aims of this study were to confirm the existence of TBEV endemic foci, to determine prevalence of TBEV in ticks collected from different locations in southern Norway, and compile and review relevant published records on the prevalence of TBEV in the different development stages and sex of the ticks.
MATERIALS AND METHODS

Tick collection
The ticks were collected at nine locations of Norway in East (Aust) and West (Vest) Agder counties during June-July 2009. (Table, Fig ure) . A total of 1542 ticks (554 females, 437 males, 544 nymphs, and 7 larvae) were collected in nine sampling locations. Ticks were collected by flagging through forest and meadow vegetation and cooled to 4-6°C. They were maintained alive until later identification. In the laboratory, ticks were sorted into larvae, nymphs, females, and males using a microscope, and stored at -80°C. The time between collection of live ticks and storage at -80°C was no longer than 24 h. Ticks were pooled into groups according to the sampling site, the development stage and sex by five males or females per pool and 10 nymphs per pool.
Tick identification
Ticks were classified by their development stage and sex using a microscope. Keys (Fillipova, 1977; Hillyard, 1996) were used for the identification of their morphological characteristics.
RNA extraction
Liquid nitrogen was added to the frozen ticks and homogenized immediately (without thawing). The frozen samples were powdered manually using a ceramic mortar and a pestle. Liquid nitrogen was continuously added to prevent thawing. RNeasy Mini Plant Kit (Qiagen, Hilden, Germany) was used for RNA extraction from the pools according to the manufacturer's instructions. The RNA was eluted with 40 µL of distilled water and stored at -80°C until use. All one-step PCR reactions were carried out in a 96-well plate, which was centrifuged for 30 s at 1000 g at room temperature in a swingout rotor to remove small air bubbles in the reaction vessels. StepOnePlus ™ Real Time PCR system (Applied Biosystems, USA) was used for PCR reactions and fluorescent detections with the following conditions: 1 cycle, reverse transcription, 50°C -30 min; 2 cycles, inactivation of reverse transcription, and Taq polymerase activation 94°C -2 min; 42 cycles: 94°C -30 s, 57°C -30 s, 68°C -30 s.
Real-time reverse transcription-PCR
Pooled prevalence calculations
The TBEV prevalence in ticks was calculated as a minimum infection rate (MIR). MIR is a widely used method for estimating the proportion of infected individuals from pooled samples. It is calculated as the ratio of the number of positive pools to the total number of ticks tested. The underlying assumption of the MIR is that only one infected individual exists in a positive pool (Weidong et al., 2003) .
Minimum Infection Rate (MIR): MIR = (x/(mk)) 100% k = pool size, m = the number of pools tested, x = the number of positive pool.
RESULTS AND DISCUSSION
All collected ticks were identified as I. ricinus. A total of 1542 ticks were pooled with five male or female adults or ten nymphs in each (250 pools). TBEV RNA was detected in five pools (2%) ( Table) . Four positive pools from female ticks (1.6%) and one from nymphs (0.4%) were detected.
In I. ricinus in Europe, TBEV prevalence in unfed ticks varies between 0.1% and 5% (Süss 2010) . In the present study, the MIR of TBEV from nine locations was 0.32% (5/1542).
The first cases of human tick-borne encephalitis in Norway were reported from Tromøy (Csángó et al., 2004 ). Skarpaas with collaborators estimated the prevalence in this site to be 0.2-0.3% (Skarpaas et al., 2006) . Seroprevalence studies indicate that Tromøy and some spots along the coast in the southernmost part of VestAgder County may have a higher incidence of TBE than the rest of the county (Skarpaas et al., 2004) . In this study, TBEV was detected at four collection sites Skjernøy-I, Skjernøy-II, Tromøy II , Grimstad out of nine with prevalence 0.6%, 1.2%, 0.66%, 0.71%, respectively.
Our study confirms the prevalence of TBEV in ticks from different locations in Southern Norway.
Although the prevalence of TBEV is a suitable marker for TBE risk analysis in natural foci (Oehme et The presence of TBEV in Lithuania gives us an overall MIR of 0.30%, with 0.32% in adults and 0.28% in nymphs (Katargina et al., 2013) . In Poland, the overall MIR was 0.21%, in adult and nymph stages 0.17% and 0.25%, respectively (Katargina et al., 2013) .
Comparative behaviour of different lifecycle stages of Ixodes ricinus to human-produced stimuli, were assessed in 22 ticks (eight nymphs, five adult males and nine females (Vasallo et al., 2002) ). Statistical analyses demonstrated that a human host elicits different behavioural responses from ticks at different development stages. Irrespective of the stimulus, nymphs were more attracted to a human than adult ticks (Vassallo et al., 2002) . Analyzing our data and that from other studies we can, however, assume that epidemiologically adult ticks are the most dangerous development stage for transmission of TBE to humans.
In the present study we provided data on prevalence of TBEV in male and female ticks: the infection rate in female ticks by MIR was 0.7%, while in males TBEV was not detected (Table) . Other researchers, from our reviewing published records, did not provide such data.
The risk of human infection is the product of the hazard (number of infected ticks, which is a product of tick abundance and pathogen infection prevalence) and contact rate between the infected ticks and humans (Dobson et al., 2011) . More contacts between humans and ticks, abundance of ticks and their hosts may play a significant role in local spread of TBE and other tick-borne diseases. It is also known that infected ticks can be carried over long distances by migrating birds and thus establishing new foci of TBE (Klaus et al., 2016) .
The results of the present study prove the presence of TBEV in four locations in Southern Norway and broaden the current knowledge on the dissemination of tick-borne encephalitis. The public need to be informed on how to avoid tick bites. In 2009 the Norwegian Institute of Public Health changed its TBE vaccination recommendations. Previously, TBE vaccination was recommended only for travelers who could expect to be exposed abroad. Since June 2009, vaccination against TBE has also been considered for people who often walk in forests and experience tick bites in the municipalities in Norway where TBE is endemic (Blystad et al., 2009 ).
